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(54) Disc controller, disc control system, and disc controlling method

(57) In the disc controlling system, a buffer memory
stores sector by sector data read from a disc or data to
be written to the disc. A memory controller allows a
floppy disc drive to intermittently read sector by sector
data from the disc for supply to the buffer memory or
intermittently write sector by sector to the disc data sup-
plied from the buffer memory. When the floppy disc drive
is not writing data to or reading data from the disc, data
read from the disc is supplied sector by sector from the
buffer memory to the system bus or data to be written to
the disc is supplied sector by sector to the buffer mem-
ory from the system bus.
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Description

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0001] The present invention relates to a controller,
control system and a controlling system for a disc such
as floppy disc or the like, and more particularly, to a disc
controller, disc control system and a disc controlling
method for transferring data to and from a disc.

2. Description of the Related Art

[0002] The floppy disc controller (will be referred to
as "FDC" hereinafter) transfers data in bytes between
the central processing unit (will be referred to as "CPU"
hereinafter) and a floppy disc drive (will be referred to as
"FDD" hereinafter) which reads and writes data from
and to a floppy disc.
[0003] Normally, since the FDD reads data from,
and writes data to, a disc at a transfer speed of about 60
kB/s, the CPU has to transfer data at every 16 µs to and
from the FDD. The FDC will supply data read from the
disc to a memory via a system bus at every about 16 µs.
Also the FDC will receive data to be written by the FDD
to the disc from the memory via the system bus at every
about 16 µs, and supply it to the FDD. Therefore, the
system bus will be occupied at every about 16 µs for
data transfer between the FDC and CPU.
[0004] The above data transfer will not catch up
with the disc rotation speed unless the data transfer is
repeated frequently for a long time and also operations
are done at a rather high speed each time a request for
data transfer is received from the FDC. Further, the
period for the data transfer request includes a few per-
cent jitter incidental to the disc rotation.
[0005] Therefore, for implementation of the above
data transfer, the CPU should have a considerably large
processing capability including an overhead for interrupt
operation. Generally, the currently available FDC has a
DMA (Direct Memory Access) data transfer mechanism
to prevent the CPU from being overloaded.
[0006] The time for which the system bus is occu-
pied for data transfer between the FDC and floppy disc
in the FDD system will be described with reference to
FIG. 1 showing the occupied states of the system bus
during data transfer.
[0007] As shown in FIGS. 1A and 1B, the track on
the floppy disc is divided into a plurality of sectors. Each
sector records a predetermined byte count of data.
Also, address information, error correction signal, gap
for protection of each data area against a variation of
the floppy disc rotation are provided before and after
each byte string. The FDC sends to and receives from
the CPU a data being in a burst status in which the data
is divided in sectors.
[0008] While the system bus is being thus occu-

pied, the FDC reads and writes data from and to the
floppy disc at a speed corresponding to the rotation
speed of the floppy disc and it can read data even while
the floppy disc is rotating at a nonuniform speed.

[0009] The above DMA data transfer permits to
reduce the amount of data to be processed by the CPU.
However, since the system bus is occupied for data
transfer between the FDC and memory at every about
16 µs, the load to the entire system remains still large.
In addition, though the CPU can process data while the
DMA data transfer mechanism is transferring other
data, the system bus is occupied by the DMA, FDC, etc.

OBJECT AND SUMMARY OF THE INVENTION

[0010] Therefore embodiments of the present
invention seek to overcome the above-mentioned draw-
backs of the prior art by providing a disc controller, disc
control system and a disc controlling system, adapted to
considerably reduce the load to the disc controller and
system bus by effecting at an appropriate time the data
transfer made between the disc controller and memory,
etc. and which takes a relatively long time.
[0011] According to one aspect of the present
invention, there is provided a disc controller for control-
ling the operation of a disc drive which reads and writes
data from and to a disc, comprising:

means for storing data read from the disc and sup-
plied from the disc drive or external data supplied
via a bus for write to the disc, in units of a predeter-
mined data amount being a unit in which the data is
to be read from or written to the disc; and

means for controlling the data read and write from
and to the disc;

the controlling means intermittently reading the
data for supply to the storing means from the disc in
units of the predetermined data amount, and inter-
mittently writing to the disc the data supplied from
the storing means in units of the predetermined
data amount; and

while the disc drive is not reading or writing data
from or to the disc, the controlling means supplying
the data read from the disc and stored in the storing
means to the bus in units of the predetermined data
amount, and supplying the data for write to the disc
from the bus to the storing means in units of the
predetermined data amount.

[0012] According to another aspect of the present
invention, there is provided a disc control system for
controlling a disc drive, comprising a disc controller and
memory connected to each other by a bus, the disc con-
troller controlling write of data stored in the memory to a
disc and read of data from the disc for storage into the
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memory, the disc controller comprising:

means for storing data read from the disc and sup-
plied from the disc drive or external data supplied
via a bus and which is to be written to the disc, in
units of a predetermined data amount being a unit
in which the data is to be read from or written to the
disc; and

means for controlling the data read and write from
and to the disc;

the controlling means intermittently reading the
data for supply to the storing means from the disc in
units of the predetermined data amount, and inter-
mittently writing to the disc the data supplied from
the storing means in units of the predetermined
data amount; and

while the disc drive is not reading or writing data
from or to the disc, the controlling means supplying
the data read from the disc and stored in the storing
means to the bus in units of the predetermined data
amount, and supplying the data for write to the disc
from the bus to the storing means in units of the
predetermined data amount.

[0013] According to a further aspect of the present
invention, there is provided a disc controlling method of
controlling the operation of a disc drive which reads and
writes data from and to a disc, the method comprising
the steps of:

storing data read from the disc and supplied from
the disc drive or external data supplied via a bus
and which is to be written to the disc, in units of a
predetermined data amount being a unit in which
the data is to be read from or written to the disc;

intermittently reading the data for supply to the stor-
ing means from the disc in units of the predeter-
mined data amount, or intermittently writing to the
disc the data supplied from the storing means in
units of the predetermined data amount; and

supplying the data read from the disc and stored in
the storing means to the bus in units of the prede-
termined data amount, and supplying the data for
write to the disc from the bus to the storing means
in units of the predetermined data amount, while
the disc drive is not reading or writing data from or
to the disc.

[0014] As having been described in the foregoing,
the disc controller, disc control system and disc control-
ling method advantageously reduce the load to the cen-
tral processing unit and system bus very much by
effecting data transfer between the disc controller and

memory, which takes a relatively long time, by using the
storing means holding the same data capacity as the
data amount per sector.

[0015] Further particular and preferred aspects of
the present invention are set out in the accompanying
independent and dependent claims. Features of the
dependent claims may be combined with features of the
independent claims as appropriate, and in combinations
other than those explicitly set out in the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] The present invention will be described fur-
ther, by way of example only, with reference to preferred
embodiments thereof as illustrated in the accompanying
drawings, in which:

FIG. 1 shows the occupied states of the system bus
during data transfer under the control of the con-
ventional floppy disc controller;

FIG. 2 is a block diagram of a floppy disc drive sys-
tem including the floppy disc controller according to
an embodiment of the present invention;

FIG. 3 is a block diagram of the floppy disc control-
ler according to an embodiment of the present
invention;

FIG. 4 shows the occupied stats of the system bus
during data transfer under the control of the floppy
disc controller according to an embodiment of the
present invention;

FIG. 5 is a flow chart of operations effected under
the control of the floppy disc controller according to
an embodiment of the present invention down to
data read from a designated sector on a floppy disc;
and

FIG. 6 is a flow chart of operations effected under
the control of the floppy disc controller according to
an embodiment of the present invention down to
data write to a designated sector on a floppy disc.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0017] Referring now to FIG. 2, there is schemati-
cally illustrated in the form of a block diagram a floppy
disc drive (FDD, hereafter) system including the floppy
disc controller (FDC, hereafter) according to an embod-
iment of the present invention.
[0018] The FDC is generally indicated with a refer-
ence 1. As shown in FIG. 2, the FDC 1 includes an FDD
2 to write and read data to and from a floppy disc, an
FDC 3 to control the operation, etc. of the FDD 2 based
on a signal supplied via a system bus 6 from a central
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processing unit (CPU, hereinafter) 4 which allows the
FDC 3 to effect a variety of operations, and a memory 5
to store data the FDD 2 has read from the floppy disc or
data the FDD 2 writes to the floppy disc. The system
bus 6 connects the FDC 3, CPU 4 and memory 5 to
each other.

[0019] According to control information from the
FDC 3, the FDD 2 writes data to the floppy disc or reads
data from the floppy disc. More particularly, in accord-
ance with control information from the FDC 3, the FDD
2 intermittently reads data sector by sector from the
floppy disc. Each sector is a unit for a predetermined
amount of data. The FDD 2 will supply the data read
sector by sector from the floppy disc to a buffer memory
14 via a demodulator 11 which will further be described
later. Under the control of the FDC 3, the FDD 2 inter-
mittently writes sector by sector to the floppy disc data
supplied from the buffer memory 14 via a CRC genera-
tor 16 and modulator 17.
[0020] As mentioned above, the sector is the unit
for the predetermined amount of data for write to, or for
read from, the floppy disc. In addition, each sector has
an ID field in which information indicative of the begin-
ning and address of the sector and a data field in which
data is recorded.
[0021] According to control information from the
CPU 4, the FDC 3 allows the FDD 2 to write data to the
floppy disc or read data from the floppy disc. More spe-
cifically, under the control of the CPU 4, the FDC 3
allows the FDD 2 to intermittently read data sector by
sector from the floppy disc and supply the data read
sectors of data to the memory 5 via the system bus 6.
Also, under the control of the CPU 4, the FDC 3 allows
the FDD 2 to intermittently write sector by sector to the
floppy disc the data supplied from the memory 5 via the
system bus 6.
[0022] As mentioned above, the CPU 4 supplies the
FDC 3 with information for requesting the FDD 2 to read
data from the floppy disc or write data to the floppy disc.
[0023] More specifically, the CPU 4 supplies the
FDC 3 with information for requesting the FDD 2 to read
data from the floppy disc. Receiving the request infor-
mation, the FDC 3 will allow the FDD 2 to read the data
from the floppy disc. Also, the CPU 4 supplies the FDC
3 with information for requesting the FDD 2 to write data
to the floppy disc. Receiving the request information,
the FDC 3 will allow the FDD 2 to write the data to the
floppy disc.
[0024] The memory 5 stores data having been read
by the FDD 2 from the floppy disc and supplied from the
FDC 3 via the system bus 6 or data supplied to the FDC
3 via the system bus 6 for write by the FDD 2 to the
floppy disc.
[0025] The system bus 6 is a route along which
information is transferred from any of a plurality of infor-
mation sources to any of a plurality of information desti-
nations. More particularly, the system bus 5 helps in
data transfer among the FDC 3, CPU 4 and memory 5.

[0026] Referring now to FIG. 3, there is schemati-
cally illustrated in the form of a block diagram the floppy
disc controller (FDC 3) according to an embodiment of
the present invention.

[0027] As shown in FIG. 3, the FDC 3 includes a
demodulator 11 to demodulate data supplied from the
FDD 2, an address separator 12 to extract address
information from the data supplied from the demodula-
tor 11, a CRC (Cyclic Redundancy Check) check circuit
13 to compute CRC contained in the data supplied from
the demodulator 11 for checking for any error in the
data, a buffer memory 14 having a data storage capac-
ity for at least one sector of data for data transfer
between the FDD 2 and CPU 4, a memory controller 15
to control read and write of data supplied to the buffer
memory 14 or data supplied from the buffer memory 14
to the memory 5, etc., a CRC generator 16 to compute
in a predetermined manner data supplied from the
buffer memory 14, a modulator 17 to modulate data
supplied from the CRC generator 16, a sequence con-
troller 18 to control the operation of the whole FDC 3
based on a command supplied from the CPU 4 via the
system bus 6, and a bus driver 19 serving as an inter-
face between the system bus 6 and FDC 3.
[0028] The demodulator 11 demodulates a serial
data having been read by the FDD 2 from the floppy disc
and supplied from the FDD 2 to a parallel data in bytes,
and supplies the demodulated parallel data to the
address separator 12, CRC check circuit 13 and buffer
memory 14.
[0029] The address separator 12 extracts address
information from the ID field included in the sector from
which the data read from the floppy disc and supplied
from the demodulator 11, and supplies to the memory
controller 15 the data from which the address informa-
tion has been extracted, and the extracted address
information. More specifically, the address separator 12
extracts ID information being an address information
from the ID field included in the sector having the data
stream read from the floppy disc and supplied from the
demodulator 11, judges based on the extracted infor-
mation whether the current data stream supplied from
the demodulator 11is ID information or not, and supplies
to the memory controller 15 the result of the judgment
and the data from which the address information has
been extracted.
[0030] The address separator 12 is also supplied
with index pulses each developed upon one full turn of
the floppy disc from the FDD 2.
[0031] The ID information contains a CRC number
based on which it is judged during data write or read
whether data write or read is currently being done to or
from a destination sector.
[0032] The CRC check circuit 13 computes CRC
information contained in data read from the floppy disc
and supplied from the demodulator 11 to check whether
error is contained in the data read from the floppy disc,
and supplies the result of checking to the memory con-
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troller 15.

[0033] The buffer memory 14 is a First-In, First-Out
(FIFO) type memory having a data storage capacity of
at least one sector for data transfer between the FDD 2
and CPU 4 under the control of the memory controller
15. The buffer memory 14 stores data read from the
floppy disc and supplied from the demodulator 11 or
data supplied from the memory 5 via the system bus 6
and bus driver 19 and which is to be written to the floppy
disc.
[0034] The FIFO memory is a memory from which
data are read sequentially, starting with the first written
one.
[0035] When the FDD 2 reads data from the floppy
dis, the memory controller 15 allows the buffer memory
14, based on information supplied from the address
separator 12 and CRC check circuit 13, to intermittently
store data read sector by sector from the floppy disc and
supplied to the buffer memory 14 from the FDD 2 via the
demodulator 11. That is, the memory controller 15
allows the buffer memory 14, after one-sector data
stored in the buffer memory 14 have entirely been trans-
ferred to the memory 5, to store a next one-sector data.
Also, when the FDD 2 write data to the floppy disc, the
memory controller 15 allows the buffer memory 14,
based on control information from the CPU 4, to supply
each one-sector data stored in the buffer memory 14
and which is to be written to the floppy disc to the FDD
2 via the CRC generator 16 and demodulator 17, and
the FDD 2 to intermittently write the data sector by sec-
tor to the floppy disc. That is, the memory controller 15
allows the buffer memory 14 to supply one-sector data
stored in the buffer memory 14 to the FDD 2 and then
supply to the FDD 2 a next one-sector data supplied to
the buffer memory 14 from the memory 5.
[0036] More specifically, when the FDD 2 reads
data from the floppy disc, the memory controller 15
allows the FDD 2 to read one sector of data from the
floppy disc, and supply the read one-sector data to the
address separator 12, CRC check circuit 13 and buffer
memory 14 via the demodulator 11. Based on the one-
sector data read by the FDD 2 from the floppy disc and
supplied from the FDD 2, the address separator 12 and
CRC check circuit 13 operate as in the above predeter-
mined maimers and supply information resulted from
the predetermined operations to the memory controller
15. The memory controller 15 allows the buffer memory
14, based on the information supplied from the address
separator 12 and CRC check circuit 13, to store the
one-sector data read from the floppy disc and supplied
to the buffer memory 14. Thereafter, the sequence con-
troller 18 supplies the one-sector data stored in the
buffer memory 14 to the memory 5 via the bus driver 19
and system bus 6.
[0037] Thus allowing the buffer memory 14 to be
supplied with the one-sector data read from the floppy
disc and not with any next one-sector data until the sup-
plied one-sector data has been transferred to the mem-

ory 5, the memory controller 15 can allow the memory
buffer 14 to intermittently store data read sector by sec-
tor from the floppy disc.

[0038] Also, when the FDD 2 writes data to the
floppy disc, the memory controller 15 allows the buffer
memory 14, based on the control information supplied
from the CPU 4, to supply to the FDD 2 via the CRC
check circuit 16 and modulator 17 one-sector data the
memory 5 having been allowed by the sequence con-
troller 18 to supply to the buffer memory 14 via the sys-
tem bus 6 and bus driver 19 and which is to be written
to the floppy disc. When supply of the one-sector data to
the FDD 2 is complete, the memory controller 15 allows
the memory 5 to supply the FDD 2 with a next one-sec-
tor data for transfer to the buffer memory 14 via the sys-
tem bus 6 and bus driver 19.
[0039] The buffer memory 14 is not supplied with
any further one-sector data from the memory 5 before
supply of precedent one-sector data from the buffer
memory 14 to the FDD 2 is complete. So, the memory
controller 15 supplies the FDD 2 with sectors of data
supplied from the buffer memory 14 and which are to be
written to the floppy disc, thereby permitting to allow the
FDD 2 to intermittently write the data sector by sector to
the floppy disc.
[0040] Furthermore, the memory controller 15
allows the buffer memory 14 to convert 8-bit data stored
therein to 16-bit data or 16-bit data to 8-bit data.
[0041] The memory controller 15 may be adapted
to transfer data to the memory 5, etc. at the full speed of
the system bus 6 via the bus driver 19 when the storage
capacity of the buffer memory 14 has become smaller.
Also the memory controller 15 may be adapted to allow
the buffer memory 14 to store into the buffer memory 14
only data from which the ID has been excluded.
[0042] The CRC generator 16 computes data sup-
plied from the buffer memory 14 in a predetermined
manner, and supplies the computing result along with
data supplied from the buffer memory 14 to the modula-
tor 17.
[0043] After convening parallel data in bytes sup-
plied from the CRC generator 16 to serial data, the mod-
ulator 17 modulates the converted serial data for write
to the floppy disc, and supplies the modulated serial
data to the FDD 2.
[0044] Based on commands supplied to the FDD 2
from the CPU 4 via the system bus 6, the sequence
controller 18 controls the operation of the whole FDC 3
and issues a request for interrupt to the CPU 4.
[0045] The bus driver 19 serves also as an interface
between the system bus 6 and FDC 3.
[0046] The FDD system 1 constructed as having
been described in the foregoing functions as will be
described below:
[0047] When the FDD 2 is not writing data to or
reading data from the floppy disc, the FDC 3 allows a
relatively long time transfer of data in units of sector
between the FDD 2 and CPU 4.
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[0048] More particularly, in the FDD system 1, data
read by the FDD 2 from the floppy disc is supplied from
the FDD 2 to the buffer memory 14 via the demodulator
11. The data is stored once in the buffer memory 14.
The data thus stored once in the buffer memory 14 is
supplied to the memory 5 via the bus driver 19 and sys-
tem bus 6 when the FDD 2 is not writing data to, or read-
ing data from, the floppy disc. Also in the FDD system 1,
data the FDD 2 is allowed to write to the floppy disc is
supplied once from the memory 5 to the buffer memory
14 via the system bus 6 and bus driver 19 and once
stored in the buffer memory 14. The data thus stored
once in the buffer memory 14 is supplied from the buffer
memory 14 via the CRC generator 16 and modulator 17
to the FDD 2. Thus the data is written to the floppy disc
by the FDD 2.

[0049] Next, in the FDD system 1, when the FDC 3
allows the FDD 2 to read data from the floppy disc or to
write data to the floppy disc, the system bus 6 is occu-
pied for data transfer among the FDD 2, FDC 3, CPU 4
and memory 5, which will be described with reference to
FIG. 4.
[0050] As shown in FIGS. 4A and 4B, the track on
the floppy disc is divided into a plurality of sectors. Each
sector records a predetermined byte count of data.
Also, address information, error correction signal, gap
for protection of each data area against a variation of
the floppy disc rotation are provided before and after
each byte string. After the FDD 2 reads data sector by
sector from, or writes data sector by sector to, the floppy
disc, the FDC 3 sends to and receives from the CPU 4
a data being in a burst status in which the data is divided
in sectors.
[0051] Generally, while the system bus is being thus
occupied, the FDC 3 reads and writes data from and to
the floppy disc at a speed corresponding to the rotation
speed of the floppy disc and it can read data even while
the floppy disc is rotating at a nonuniform speed.
[0052] The FDC 3 according to an embodiment of
the present invention supplies data to, and receives
data from, the FDD 2 for a time between sectors on the
floppy disc from or to which no data is being read or writ-
ten. Thus, the FDC 3 occupies the system bus 6 for an
extremely shorter time than in the prior art.
[0053] Referring now to FIG. 5, there is shown a
flow chart of operations effected in the FDD system 1
down to transfer to the memory 5 of data the FDC 3 has
allowed the FDD 2 to read from a designated sector on
the floppy disc.
[0054] The flow chart in FIG. 5 is based on the
assumption that a series of preliminary operations such
as initialization of the FDD system 1, start-up of the
FDD 2, etc. has been completed.
[0055] First at step S1 in FIG. 5, the CPU 4 supplies
to the sequence controller 18 of the FDC 3 via the sys-
tem bus 6 a command including address information of
a designated sector, containing a head number, track
number, sector number, etc., and which instructs to read

data from the designated sector. More particularly, the
CPU 4 supplies to the sequence controller 18 via the
system bus 6 and bus driver 19 a command for read of
data from a sector 1 on a track 0 on a head 0, for exam-
ple.

[0056] Next at step S2, the sequence controller 18
waits until an address identifier of a sector whose
address coincides with the address information sup-
plied from the CPU 4 is read from a data stream the
FDD 2 has read from the floppy disk.
[0057] At step S3, the sequence controller 18
judges whether there has been detected the designated
sector from the data the FDD 2 has read from the floppy
disc.
[0058] When the sequence controller 18 decides
that the designated sector has been detected, the oper-
ation goes to step S7.
[0059] On the other hand, when the sequence con-
troller 18 does not decide that the designated sector has
been detected, the operation goes to step S4.
[0060] At step S4, the sequence controller 18
counts index pulses.
[0061] At step S5, the sequence controller 18
judges whether two or more index pulses have been
counted.
[0062] When the sequence controller 18 decides
that two or more index pulses have not been counted,
the operation goes back to step S2.
[0063] On the other hand, when the sequence con-
troller 18 decides that two or more index pulses have
been counted, the operation goes to step S6.
[0064] Next at step S6, the sequence controller 18
supplies to the CPU 4 an error signal that the desig-
nated sector cannot be detected with the currently posi-
tioned head. If the current head position is correct, the
designated sector can be detected while the floppy disc
is rotating one full turn. Unless the designated sector is
detected before two index pulses are counted, the
sequence controller 18 supplies to the CPU 4 the error
signal that the designated sector cannot be detected
with the currently positioned head.
[0065] At step S7, the demodulator 11 demodulates
the serial data supplied from the FDD 2, converts it to a
parallel data in bytes and supplies the converted data to
the address separator 12, CRC check circuit 13 and
buffer memory 14.
[0066] The CRC circuit 13 computes CRC of an
address identifier coinciding with the CRC of the desig-
nated sector, contained in the data supplied from the
demodulator 11.
[0067] Next at step S8, the CRC check circuit 13
judges whether the address identifier CRC supplied
from the demodulator 11 coincides with the computed
address identifier CRC.
[0068] When the CRC check circuit 13 decides that
the address identifier CRC from the demodulator 11
coincides with the computed address identifier CRC
and there is no error, the operation goes to step S10.
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[0069] On the other hand, when the CRC check cir-
cuit 13 decides that the address identifier CRC from the
demodulator 11 does not coincide with the computed
address identifier CRC and there is an error, the opera-
tion goes to step S9.

[0070] At step S9, the CRC check circuit 13 sup-
plies to the sequence controller 18 via the memory con-
troller 15 and buffer memory 14 CRC error information
that the floppy disc set in the FDD 2 is defective or that
the data the FDD 2 has read from the floppy disc con-
tains an error.
[0071] At step S10, the CRC check circuit 13 sup-
plies to the memory controller 15 information that the
floppy disc set in the FDD 2 is not defective and an
address identifier. The memory controller 15 allows the
buffer memory 14, based on the address identifier sup-
plied from the CRC check circuit 13, to sequentially
store date supplied from the demodulator 11.
[0072] Next at step S11, the memory controller 15
judges whether one sector of data supplied from the
demodulator 11 has been stored in the buffer memory
14.
[0073] When the memory controller 15 decides that
one sector of data supplied from the demodulator circuit
11 has not yet been stored in the buffer memory 14, the
operation goes back to step S10.
[0074] On the other hand, when the memory con-
troller 15 decides that one sector of data supplied from
the demodulator circuit 11 has been stored in the buffer
memory 14, the operation goes back to step S12.
[0075] At step S12, the CRC check circuit 13 com-
putes CRC of data area contained in the data supplied
from the demodulator 11.
[0076] Next at step S13, the CRC check circuit 13
judges whether the CRC of the data area contained in
the data supplied from the demodulator 11 coincides
with the computed data area CRC.
[0077] When the CRC check circuit 13 decides that
the data area CRC does not coincide with the computer
data area CRC and there exists an error, the operation
goes to step S9.
[0078] On the other hand, when the CRC check cir-
cuit 13 decides that the data area CRC coincides with
the computer data area CRC and there exists no error,
the operation goes to step S14.
[0079] At step S14, the sequence controller 18 sup-
plies to the CPU 4 an interrupt command for request for
accepting the data stored in the buffer memory 14.
[0080] Receiving the interrupt command from the
sequence controller 18, the CPU 4 will be able to contin-
uously do any other process until it actually receives the
interrupt command.
[0081] Next at step S15, the CPU 4 transfers, based
on the interrupt command supplied from the sequence
controller 18, one-sector data from the buffer memory
14 to a predetermined storage area in the memory 5 via
the bus driver 19 and system bus 6 for a time for which
no data is being read from the floppy disc or for a time

between sectors of byte strings of data recorded in the
floppy disc. The data is transferred at a high speed
determined by only the FDC 3, CPU 4 and memory 5
and not dependent upon the slow rotation of the floppy
disc.

[0082] At step S16, the sequence controller 18
judges whether the data transfer from the CPU 4 to the
memory 5 has been completed within a predetermined
time.
[0083] When the sequence controller 18 decides
that the data transfer from the CPU 4 to the memory 5
has been completed within the predetermined time, the
operation goes to step S18.
[0084] On the other hand, when the sequence con-
troller 18 decides that the data transfer from the CPU 4
to the memory 5 has not been completed within the pre-
determined time, a next sector data cannot be stored
into the buffer memory 14 and so the operation goes to
step S17. When the sequence controller 18 allows the
FDD 2 to read data one after another from over a plural-
ity of successive sectors on the floppy disc, the CPU 4
has to complete the data from the buffer memory 14 to
the memory 5 via the bus driver 19 and system bus 6
before the FDD 2 is allowed to read the address identi-
fier of a next sector.
[0085] At step S17, the sequence controller 18 sup-
plies to the FDD 2 timeout error information which inhib-
its the FDD 2 from reading data from a next sector, while
supplying to the CPU 4 timeout error information which
aborts the data transfer from the buffer memory 14 to
the memory 5 via the bus driver 19 and system bus 6.
[0086] At step S18, the sequence controller 18
judges whether data have been read from all the desig-
nated sectors.
[0087] When the sequence controller 18 decides
that data have been read from all the designated sec-
tors, the operation ends successfully.
[0088] On the other hand, when the sequence con-
troller 18 decides that data have not been read from all
the designated sectors, the operation goes back to step
S1 for reading data from a next sector.
[0089] With the aforementioned operations, data
transfer between the FDC 3 and memory 5, which takes
a relatively long time, can be done sector by sector
while the FDD 2 is not reading data from the floppy disc,
and thus the load to the CPU 4 and system bus 6 can
considerably be reduced.
[0090] Referring now to FIG. 6, there is shown a
flow chart of operations effected in the FDD system 1
down to transfer to the FDD 2 of data the FDC 3 has
allowed the FDD 2 to write to a designated sector on the
floppy disc.
[0091] The flow chart in FIG. 6 is based on the
assumption that a series of preliminary operations such
as initialization of the FDD system 1, start-up of the
FDD 2, etc. has been completed.
[0092] First at step S21 in FIG. 6, the CPU 4 sup-
plies to the sequence controller 18 of the FDC 3 via the
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system bus 6 and bus driver 19 a command including
address information of a designated sector, containing a
head number, track number, sector number, etc., and
which instructs to write data to the designated sector.
More particularly, the CPU 4 supplies to the sequence
controller 18 via the system bus 6 and bus driver 19 a
command for write of data to a sector 1 on a track 0 on
a head 0, for example.

[0093] Next at step S22, the sequence controller 18
searches in the data stored in the memory 5 data to be
written to the floppy disc and including an address iden-
tifier of a sector whose address coincides with the
address information supplied from the CPU 4.
[0094] At step S23, the sequence controller 18
judges whether a data to be written to the designated
sector has been detected from the data stored in the
memory 5 and which are to be written to the floppy disc.
[0095] When the sequence controller 18 decides
that the data to be written to the designated sector has
been detected, the operation goes to step S27.
[0096] On the other hand, when the sequence con-
troller 18 does not decide that the data to be written to
the designated sector has not been detected, the oper-
ation goes to step S24.
[0097] At step S24, the sequence controller 18
counts index pulses.
[0098] At step S25, the sequence controller 18
judges whether two or more index pulses have been
counted.
[0099] When the sequence controller 18 decides
that two or more index pulses have not been counted,
the operation goes back to step S22.
[0100] On the other hand, when the sequence con-
troller 18 decides that two or more index pulses have
been counted, the operation goes to step S26.
[0101] Next at step S26, the sequence controller 18
supplies to the CPU 4 an error signal that the data to be
written to the designated sector cannot be detected
from the storage area of the memory 5 under retrieval.
[0102] At step S27, the sequence controller 18
computes CRC of an address identifier coinciding with
the CRC of the designated sector, contained in the data
supplied from the memory 5 via the system bus 6 and
bus driver 19.
[0103] Next at step S28, the sequence controller 18
judges whether the address identifier CRC of the data
supplied from the memory 5 coincides with the com-
puted address identifier CRC.
[0104] When the sequence controller 18 decides
that the address identifier CRC of the data from the
memory 5 coincides with the computed address identi-
fier CRC and there is no error, the operation goes to
step S30.
[0105] On the other hand, when the sequence con-
troller 18 decides that the address identifier CRC of the
data from the memory 5 does not coincide with the com-
puted address identifier CRC and there is an error, the
operation goes to step S29.

[0106] At step S29, the sequence controller 18 sup-
plies to the CPU 4 via the bus driver 19 and system bus
6 CRC error information that the storage area in the
memory 5 is defective or that the data the FDD 2 is
going to write to the floppy disc has an error.

[0107] At step S30, the sequence controller 18 sup-
plies to the CPU 4 an interrupt command for requesting
the buffer memory 14 to transfer one sector of data
stored in the memory 5 and which is to be written by the
FDD 2 to the floppy disc.
[0108] The CPU 4 will be able to continuously do
any other process until it actually receives the interrupt
command supplied from the sequence controller 18.
[0109] Next at step S31, the CPU 4 transfers, based
on the interrupt command supplied from the sequence
controller 18, one-sector data stored in a predetermined
storage area in the memory 5 to the buffer memory 14
via the system bus 6 and bus driver 19. The data is
transferred at a high speed determined by only the FDC
3, CPU 4 and memory 5 and not dependent upon the
slow rotation of the floppy disc.
[0110] At step S32, the sequence controller 18
judges whether the data transfer from the CPU 4 to the
buffer memory 14 has been completed within a prede-
termined time.
[0111] When the sequence controller 18 decides
that the data transfer from the CPU 4 to the buffer mem-
ory 14 has been completed within the predetermined
time, the operation goes to step S34.
[0112] On the other hand, when the sequence con-
troller 18 decides that the data transfer from the CPU 4
to the buffer memory 14 has not been completed within
the predetermined time, the operation goes to step S33.
[0113] At step S33, the sequence controller 18 sup-
plies to the FDD 2 timeout error information which inhib-
its the FDD 2 from writing data to a next sector on the
floppy disc, while supplying to the CPU 4 timeout error
information which aborts the data transfer from the
memory 5 to the buffer memory 14 via the system bus 6
and bus driver 19. That is, when the sequence controller
18 allows the FDD 2 to write data one after another to
over a plurality of successive sectors on the floppy disc,
the CPU 4 has to complete the transfer of the data
stored in the memory 5 to the buffer memory 14 via the
system bus 6 and bus driver 19 before a next data area
in the floppy disc is reached.
[0114] At step S34, the memory controller 15 reads
one-sector data from the buffer memory 14 and sup-
plies it to the CRC generator 16. The CRC generator 16
computes the one-sector data supplied from the buffer
memory 14 in a predetermined manner, and supplies
the computed CRC information and one-sector data to
the modulator 17. The modulator 17 converts the sup-
plied one-sector data, namely, a parallel data for one
sector of bytes, to a serial data, and modulates the con-
vened serial data for write to the floppy disc.
[0115] The memory controller 15 allows the modu-
lator 17 to supply the modulated serial data to the FDD
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2. Further, the memory controller 15 allows the FDD 2 to
write the modulated one-sector of serial data to the
floppy disc at a speed corresponding to the rotating
speed of the floppy disc for a time between sectors of
byte strings of data to be written to the floppy disc.

[0116] At step S35, the memory controller 15
judges whether the FDD 2 has written the modulated
one-sector serial data to the floppy disc.
[0117] When the memory controller 15 decides that
the modulated one-sector serial data has not yet been
written to the floppy disc, the operation goes back to
step S34.
[0118] On the other hand, when the memory con-
troller 15 decides that the modulated one-sector serial
data has been written to the floppy disc, the operation
goes back to step S36.
[0119] At step S36, the FDD 2 will write to the floppy
disc the one-sector serial data followed by the CRC byte
information computed by the CRC generator 16 at the
speed corresponding to the rotating speed of the floppy
disc.
[0120] Next at step S37, the sequence controller 18
judges whether all data have been written to the desig-
nated sector.
[0121] When the sequence controller 18 decides
that all the data have been written to the designated
sector, the operation ends successfully.
[0122] On the other hand, when the sequence con-
troller 18 decides that all the data have not yet been
written to the designated sector, the operation goes
back to step S21 in order to write the remaining data to
a next sector.
[0123] With the above operations, the data transfer
between the FDC 3 and memory 5, which takes a rela-
tively long time, can be done sector by sector when the
FDD 2 is not writing data to the floppy disc, and thus the
load to the CPU 4 and system bus 6 can considerably
be reduced.
[0124] In the series of operations shown in the flow
charts in FIGS. 5 and 6, the buffer memory 14 holds the
same data capacity as the one-sector data amount.
However, the buffer memory 14 may have a buffer
capacity an integral number of times larger than the
one-sector data amount. That is, when floppy discs hav-
ing a wide variety of formats are to be controlled, the
buffer memory 14 may hold a buffer capacity an integral
number of times larger than the data capacity of the
largest sector. Thus, by providing the buffer memory 14
holding a buffer capacity an integral number of times
larger than the data capacity of each sector, the number
of accesses to the CPU 4 can effectively be reduced
and a memory having a redundant capacity is more
economic.
[0125] In the series of operations shown in the flow
chart shown in FIG. 6, the FDC 3 may be adapted to
transfer a first data before a first sector is detected.
[0126] In the series of operations in the flow charts
shown in FIGS. 5 and 6, data is transferred in bytes.

However, since the system bus 6 has a width of several
bytes, for example, as the case may be, data may be
transferred bytes by bytes in one cycle correspondingly
to the width of the system bus 6. Thus, the load to the
FDD system 1 can further be reduced.

[0127] In the series of operations in the flow charts
in FIGS. 5 and 6, the floppy disc is used as a recording
medium. However, the recording medium may be any
other disc than the floppy disc.
[0128] As having been described in the foregoing,
in the FDD system 1 according to an embodiment of the
present invention, when the FDD 2 having a relatively
slow transfer speed is connected to the system bus 6,
the system bus 6 will not be occupied for a long time.
Namely, the system bus 6 can be used with a higher effi-
ciency.
[0129] In the FDD system 1, the CPU 4 can process
data in such a manner that the data will not easily be
influenced by a jitter caused by the rotating speed of the
floppy disc.
[0130] Further, in the FDD system 1 according to an
embodiment of the present invention, the width of the
system bus 6 can effectively be used for data transfer.
[0131] Moreover, in the FDD system 1 according to
an embodiment of the present invention, even when a
high speed drive is implemented by increasing the rotat-
ing speed of the floppy disc, the load to the CPU 4 will
be increased only a little.
[0132] In so far as the embodiments of the invention
described above are implemented, at least in part,
using software-controlled data processing apparatus, it
will be appreciated that a computer program providing
such software control and a storage medium by which
such a computer program is stored are envisaged as
aspects of the present invention.
[0133] Although particular embodiments have been
described herein, it will be appreciated that the inven-
tion is not limited thereto and that many modifications
and additions thereto may be made within the scope of
the invention. For example, various combinations of the
features of the following dependent claims can be made
with the features of the independent claims without
departing from the scope of the present invention.

Claims

1. A disc controller for controlling the operation of a
disc drive which reads and writes data from and to
a disc, comprising:

means for storing data read from the disc and
supplied from the disc drive or external data
supplied via a bus for write to the disc, in units
of a predetermined data amount being a unit in
which the data is to be read from or written to
the disc; and
means for controlling the data read and write
from and to the disc;
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the controlling means intermittently reading the
data for supply to the storing means from the
disc in units of the predetermined data amount,
and intermittently writing to the disc the data
supplied from the storing means in units of the
predetermined data amount; and

while the disc drive is not reading or writing
data from or to the disc, the controlling means
supplying the data read from the disc and
stored in the storing means to the bus in units
of the predetermined data amount, and supply-
ing the data for write to the disc from the bus to
the storing means in units of the predetermined
data amount.

2. The disc controller as set forth in Claim 1, wherein
the storing means can store data in an amount an
integral number of times larger than the predeter-
mined data amount.

3. The disc controller as set forth in Claim 1, wherein
the controlling means converts the length of the
data stored in the storing means to the width of the
bus and provides the data as an output.

4. The disc controller as set forth in Claim 1, wherein
the predetermined data amount is the data amount
of one sector on the disc.

5. The disc controller as set forth in Claim 1, wherein
the controlling means detects whether the storing
means has stored data in units of the predeter-
mined data amount, and supplies the data stored in
the storing means to the disc or bus only when the
storing means has stored the data in units of the
predetermined data amount.

6. The disc controller as set forth in Claim 1, further
comprising means for detecting error in the data to
be read or written, in units of the predetermined
data amount, from or to the disc and address data
of the data, the controlling means allowing the stor-
ing means to store the data only when the error
detecting means has detected no error in the
address data.

7. A disc control system for controlling a disc drive,
comprising a disc controller and memory con-
nected to each other by a bus, the disc controller
controlling write of data stored in the memory to a
disc and read of data from the disc for storage into
the memory, the disc controller comprising:

means for storing data read from the disc and
supplied from the disc drive or external data
supplied via a bus and which is to be written to
the disc, in units of a predetermined data
amount being a unit in which the data is to be

read from or written to the disc; and

means for controlling the data read and write
from and to the disc;

the controlling means intermittently reading the
data for supply to the storing means from the
disc in units of the predetermined data amount,
and intermittently writing to the disc the data
supplied from the storing means in units of the
predetermined data amount; and

while the disc drive is not reading or writing
data from or to the disc, the controlling means
supplying the data read from the disc and
stored in the storing means to the bus in units
of the predetermined data amount, and supply-
ing the data for write to the disc from the bus to
the storing means in units of the predetermined
data amount.

8. The disc control system as set forth in Claim 7,
wherein the storing means can store data in an
amount an integral number of times larger than the
predetermined data amount.

9. The disc control system as set forth in Claim 7,
wherein the controlling means converts the length
of the data stored in the storing means to the width
of the bus and provides the data as an output.

10. The disc control system as set forth in Claim 7,
wherein the predetermined data amount is the data
amount of one sector on the disc.

11. The disc control system as set forth in Claim 7,
wherein the controlling means detects whether the
storing means has stored data in units of the prede-
termined data amount, and supplies the data stored
in the storing means to the disc or bus only when
the storing means has stored the data in units of the
predetermined data amount.

12. The disc control system as set forth in Claim 7, fur-
ther comprising means for detecting error in the
data to be read or written, in units of the predeter-
mined data amount, from or to the disc and address
data of the data, the controlling means controlling
the storing means to store the data only when the
error detecting means has detected no error in the
address data.

13. A disc controlling method of controlling the opera-
tion of a disc drive which reads and writes data from
and to a disc, the method comprising the steps of:

storing data read from the disc and supplied
from the disc drive or external data supplied via
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a bus and which is to be written to the disc, in
units of a predetermined data amount being a
unit in which the data is to be read from or writ-
ten to the disc;

intermittently reading the data for supply to the
storing means from the disc in units of the pre-
determined data amount, or intermittently writ-
ing to the disc the data supplied from the
storing means in units of the predetermined
data amount; and

supplying the data read from the disc and
stored in the storing means to the bus in units
of the predetermined data amount, and supply-
ing the data for write to the disc from the bus to
the storing means in units of the predetermined
data amount, while the disc drive is not reading
or writing data from or to the disc.

14. The method as set forth in Claim 13, wherein the
storing means can store data in an amount an inte-
gral number of times larger than the predetermined
data amount.

15. The method as set forth in Claim 13, wherein the
controlling means converts the length of the data
stored in the storing means to the width of the bus
and provides the data as an output.

16. The method as set forth in Claim 13, wherein the
predetermined data amount is the data amount of
one sector on the disc.

17. The method as set forth in Claim 13, wherein the
controlling means detects whether the storing
means has stored data in units of the predeter-
mined data amount, and supplies the data stored in
the storing means to the disc or bus only when the
storing means has stored the data in units of the
predetermined data amount.

18. The method as set forth in Claim 13, further com-
prising the step of detecting error in the data to be
read or written, in units of the predetermined data
amount, from or to the disc and address data of the
data, the controlling means controlling the storing
means to store the data only when the error detect-
ing means has detected no error in the address
data.
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